The aim of this research was to study and compare the mechanism of action of interieukin (IL)-8, IL-ip dehydroepiandrosterone sulphate (DHEA-S) and prostaglandin (PG)E2 on the cervix. Five equal groups of pregnant rabbits (n = 45) were tested by either placebo or tested drugs in the form of vaginal suppositories once daily for 3 days. The suppositories contained human recombinant IL-8 (100 ng), IL-1P (200 ng), DHEA-S (10 mg) or PGEj (1 rag). All rabbits were tested by one dose, two doses or three doses. Consistency, dilatation and water contents were estimated 24 h after the last dose of treatment Leukocyte infiltration of the cervices was studied after staining the cervical tissue sections with antirabbit RT2 monoclonal antibodies. Relative collagen concentration was assessed after staining with Picrosirius Red. Collagenase, gelatinase and elastase activities were measured in 100 mg of homogenized cervical connective tissue. Water contents were significantly increased in all tested cervices. Neutrophil numbers were increased in IL-8 and EL-lp* groups after the second dose of treatment (P < 0.0005 and 0.001 respectively). In the PGE2 group, neutrophils were increased after the third dose of treatment, whereas in DHEA-S group no significant changes were observed. Collagen content was significantly decreased in IL-8, EL-lp and PGE? groups after the first dose of treatment (P < 0.004, and 0.005 and 0.03 respectively). In the DHEA-S group, the decrease in collagen content occurred after the third dose (P < 0.05). Collagenase activity was markedly increased in IL-8, IL-1, and DHEA-S groups after the second dose of treatment (P < 0.001, 0.003 and 0.007 respectively). No significant increase in collagenase activity was found in PGE? group. Gelatinase activity was significantly increased in IL-8, IL-ip, PGE2 and DHEA-S groups after the second dose of treatment (P < 0.008, 0.01, 0.003 and 0.05 respectively). Also, elastase activity was increased after the second dose of treatment in all groups (P < 0.001, 0.001 0.001 and 0.006 respectively). Our data suggest that ripening of the cervix in rabbit can be initiated by different mechanisms. Cytokines play a vital role in cervical ripening, especially IL-8 and IL-1. IL-8 is one of the factors which could ripen the cervix in a manner similar to the physiological process at term.
Introduction
Near the end of pregnancy, cervical ripening takes place where the cervix becomes soft, swollen, elastic and the cervical canal becomes more dilatable. As the cervix is mainly made up of collagen bundles, disruption of these bundles and cleavage of the collagen fibrils are essential for ripening (Uldberg et al, 1983a) . Collagenolytic enzymes may play the main role in this process. Collagenase activity was found to be increased at term (Kitamura et al, 1979) . Neutrophils which were found to infiltrate the cervix during ripening were considered to be the main source of collagenase enzyme, although cervical fibroblasts can also produce collagenase (Osmers etal., 1983) . Further evidence for the involvement of neutrophils in cervical ripening is the increase of leukocyte elastase concentration during maturation (Uldbjerg et al, 1983b) . Also, gelatinase enzyme which degrades denaturated collagen type I (gelatin), collagen IV, V and VII can be produced by neutrophils (Nagase, 1991) .
The infiltration of neutrophils into the cervical tissue during maturation suggests that a chemotactic agent(s) is produced in the cervix at term (Uchiyama et al, 1992) . There is now a growing body of evidence that inflammatory cytokines, especially interleukin-8 (IL-8) and IL-ip, are involved in cervical ripening (El Maradny et al, 1994 , 1995 . IL-8 has strong chemotactic and activating effects on neutrophils (Baggiolini et al, 1989) . IL-8 was also found to be produced in human and rabbit cervices (Uchiyama et al, 1992; Barclay et al, 1993) . IL-ip is a key cytokine which can be produced by cervical fibroblasts and infiltrating leukocytes both in human and rabbits (Hiro et al, 1986; Ito et al, 1988a) . It was found that IL-ip accelerates production of the collagenase enzyme and IL-8 in cervical fibroblasts (Ito et al, 1988b; El Maradny et al, 1995) . IL-ip also stimulates prostaglandins (PG) biosynthesis in fetal membranes and decidua (Romero et al, 1989; Mitchell etal, 1990) .
Although the exact mechanism underlying cervical ripening remains uncertain, several factors are known to be involved in this process, such as PGs (Calder and Embery, 1973) and dehydroepiandrosterone sulphate (DHEA-S) (Mochizuki and Maruo, 1985) . The successful use of PGE2 in induction of cervical ripening indicates that it may be involved in the mechanism of this process. The effects of PGE2 on collagenase activity are still the subject of controversy.
DHEA-S is one of the drugs which is commonly used in Japan to induce cervical ripening. The mechanism of action of DHEA-S on the cervix is focused on the increase of collagenolytic activity in the cervix. DHEA-S was reported to stimulate collagenase production in human and rabbit cervices (Sakyo et al, 1986; Yoshida et al, 1993) .
Histological changes in the cervix induced by IL-8, IL-lfJ, DHEAS and PGE2 have been previously reported (Oshima et al, 1979; Geer et al, 1992; El Maradny et al, 1994 , 1995 , whereas the biochemical changes have not been fully investigated. The aim of this research was to study and compare the biochemical changes occurring in cervical tissue during induction of ripening by IL-8, IL-ip, PGE2 and DHEA-S.
Materials and methods
The protocol of this research was approved by the Animal Research Committee of Hamamatsu University. This research was carried out on 45 pregnant white New Zealand rabbits on the 25th day of pregnancy. All rabbits were primigravidae and comparable in age and weight The animals were divided into five equal groups. All rabbits were treated aseptically either by placebo or tested drugs in the form of vaginal suppositories once daily for 3 days. The first group, (IL-8 group), was treated by suppositories containing 100 ng recombinant human IL-8 (Oncogen Science Inc., MA, USA). IL-lp" (200 ng; Oncogen Science) was applied to each rabbit in the second group (IL-lp group). Rabbits in the third group (DHEA-S group) received 10 mg of DHEA-S daily (Kanebo Co., Tokyo, Japan). In die fourth group (PGE2 group), 1 mg of PGE? (Ono Pharmaceutical Co., Osaka, Japan) was supplied to each rabbit Trie fifth group (control group) was treated by the same amount of the greasy material (Adeps solidus: Mitsuba Co., Tokyo, Japan) used to prepare the suppositories. Rabbits were given either a single dose, two doses or three doses (n = 3). The animals were killed 24 h after the last dose and the cervices were carefully examined for consistency and dilatation using Hegar's dilators.
Water contents of the cervices were measured by an IM-3SCV device (Fuji Technica Co., Osaka, Japan). This apparatus uses a near infrared spectrophotometric technique (measuring wavelength absorbance 1.45 nm, and reference wavelength 1.3 urn and 1.6 urn) (Sumimoto and Terao, 1993) . Four different points on the cervix were measured and the mean was calculated.
After careful dissection of the cervices, histological sections were prepared. Leukocytes in histological sections were stained immunohistochemically for RT2 found in rabbit leukocytes using antirabbit RT2 monoclonal antibody (Cedar Lane Laboratories, Hornby, Canada). The total number of neutrophils in five random fields of the connective tissue of each specimen was counted (magnification X20), avoiding cells that were within blood vessels, and the mean was calculated.
Relative collagen concentration was assessed histologically after staining with Picrosirius Red (Sirius Red F3BA: Chroma-esell Schaft Schmid GmbH, KSngen, Germany) as previously described and validated as a histological method of determining the polymerized collagen concentration of tissues including that of the cervix (Sweat et al, 1964) . The histological analysis was performed by measuring the optical density (percentage polarized light transmission) from five random fields of the connective tissue of each biopsy and calculating the mean. An image analyser was employed for all histological measurements (Microscope: Olympus IMT-2, Video camera SIT C2400-80 and Computer analyser system with ARGUS-100 Hamamatsu photonics). In Picrosirius Red staining, the greater the collagen concentration, the greater the birefringence, and hence the greater the percentage of light transmission. In each cervix, 100 mg of connective tissue was cut, homogenized with phosphate-buffered saline, and supernatant fluid was collected and stored at -80°C until used to measure collagenase, gelatinase and elastase activity. Collagenase activity and gelatinase activity were measured in these cervical fluids using highly specific kits (collagenase type I activity measurement, and gelatinase activity measurement: Cosmo-Bio, Tokyo, Japan; Yagai Co., Yamagata, Japan). Elastase activity was measured by a specific chromogenic substrate for elastase S-2484 (L-pyroglutamyl-L-prolyl-L-valine-P-nitranilide, KABI Diagnostic, Molndal, Sweden).
Data arc shown as mean ± SD and statistical analysis was carried out using multiple linear regression. 
Results
Distinct softening and dilatation were observed in the cervices treated by IL-8, IL-ip and PGE2 after the second dose of treatment In these cervices a Hegar number 4 was easily introduced through the cervical canal. In the DHEA-S group, similar changes in consistency and dilatation were found after the third dose.
Water content was significantly increased in IL-8, IL-ip and DHEA-S groups after the first day of treatment (P < 0.07, 0.05 and 0.08 respectively; Figure 1 ). No significant changes were observed in the cervices tested by PGE2 on the first day compared to the control group. However, 24 h after the second dose of treatment, water content was also significantly increased in the PGE2 group (P < 0.02). Figure 1 shows the changes in water content measured day by day in the tested groups.
After the first dose of treatment, neutrophil number was significantly increased in the cervical tissues of the IL-8 and IL-ip groups compared to the control group (P < 0.008, 0.009 respectively; Figure 2 ). On the second day, a marked increase in neutrophil number was again observed in the IL-8 and IL-1P treated cervices (P < 0.0001), whereas on the third day, the number of neutrophils was found to decrease in these two groups. Neutrophils in the PGE2 group gradually increased up to the third day. Although the number of neutrophils in the DHEA-S group appeared to increase, this increase was not statistically significant (Figure 2 ).
In the IL-8, IL-ip and PGE2 groups, a significant decrease in the collagen concentration occurred after the first dose of treatment compared to the control group (P < 0.01, 0.04 and 0.07 respectively). In the DHEA-S group, a significant decrease in collagen content was observed after the third dose of treatment (P < 0.07). The greatest decrease in collagen content was found in the EL-8 group, whereas the smallest decrease was observed in the DHEA-S group (Figure 3) .
Collagenase activity was significantly increased on the first day in the IL-1 P group compared to the control group {P < 0.01; Figure 4) . A marked increase in collagenase activity occurred in the IL-8, IL-lp" and DHEA-S groups after the second dose of treatment (P < 0.0001, 0.002 and 0.002 respectively). On the third day, collagenase activity in the IL-8 group decreased compared to the second day. Collagenase activity in the PGE2 group was not significantly increased during treatment. Gelatinase activity was found to be significantly increased in the IL-8 and PGE2 groups after the first day of treatment (P < 0.02 and 0.06 respectively; Figure 5 ). On the second day, gelatinase activity was markedly increased in the IL-8, IL-lp 1 and PGE2 groups (P < 0.002, 0.07 and 0.004 respectively). The DHEA-S group showed a significant increase in gelatinase activity after the second and third doses of treatment (P < 0.02 and 0.003 respectively).
Elastase activity started to increase in the IL-8, PGE2 and IL-1J3 groups after the first dose of treatment compared to the control group (P < 0.001, 0.004 and 0.05 respectively). A marked increase in elastase activity occurred after the second and third day in all groups tested ( Figure 6 ).
Discussion
Cervical ripening is a necessary prerequisite for normal labour. The main changes which occur in the cervix during ripening are either in the ground matrix or in collagen content Near term, it was found that dermatan sulphate, which binds tightly to collagen fibres, giving the cervix its rigidity, decreases markedly. At the same time hyaluronic acid increases leading to a greater water retention, and the soft swollen appearance of the human cervix at term (Uldbjerg et al., 1983a) . In our study, water content was increased in all tested cervices, including the PGE2 group. The changes in hydration of cervical tissues treated by PGE2 differs from one study to another. Early studies in humans did not find any increase in water content either in the first trimester (Uldbjerg et al., 1983c) or in cervices at term (Ekman et aL, 1983) treated by PGE2. On the other hand, recent investigations found that water content was increased (Geer et aL, 1992) . Neutrophil infiltration of the cervix has been reported during normal human cervical ripening (Junqueira et al., 1980) . We observed neutrophil invasion in the rabbit cervices treated with IL-8 and IL-1 (3, especially after the second dose of treatment Similar effects were induced by IL-8 and IL-ip in guinea pigs (Chwalisz et al., 1994) . The chemotactic effect of IL-ip may explain this neutrophil infiltration in the IL-8 group. IL-lfJ is also known as a potent stimulant for production of IL-8 in the cervix (Ito et al., 1994; El Maradny et al., 1995) . In the PGE2 group, neutrophils were significantly increased after the third dose of treatment PGE2, with its vasodilatation effect on the cervical blood vessels, may lead to increased numbers of neutrophils in the tissues (Williams and Morley, 1973) . It seems that the mechanism of action of PGE2 did not primarily depend on neutrophil infiltration, as ripening started after the second day in the PGE2 group. A similar conclusion was reported by Geer et al. (1992) , who found that neutrophils seen in human cervical tissue after treatment with PGE2 did not correspond with ripening or collagen content Also, Rath et al. (1988) did not find any neutrophil influx following cervical ripening with PGE2. Thus the role of neutrophils in the PGE2 group is uncertain. In the DHEA-S group, there was no neutrophil influx into the cervices, indicating a different mechanism for maturation.
Cervical ripening in humans is associated with a reduced collagen concentration (Kleissl et al, 1978) . In our study, collagen content was decreased in all tested rabbit cervices. However, changes in collagen content after treatment with PGE 2 are the subject of controversy. Uldbjerg et al. (1983c) in the first trimester and Ekman et al. (1983) at term did not find any decrease in collagen content of human cervices treated by PGEj. In a similar histological study by Geer et al. (1992) , collagen contents were found to be decreased significantly. Ripening of the rabbit cervix could occur although collagen concentration was markedly variable in the tested cervical tissues. Thus, it may be that both the concentration of collagen, and its orientation are critical.
Collagen can be degraded by the specific enzyme collagenase. Collagenase activity was dramatically increased in the human cervix during maturation (Rajabi et al., 1988) . Collagenase can be produced by human cervical fibroblasts and leukocytes. It has been suggested that neutrophil-derived collagenase rather than endogenous collagenase is responsible for cervical collagen degradation (Baggiolini et al, 1989) . Neutrophils represent an abundant source of collagenase and other proteases. In the IL-8 and IL-lp* groups in our study, the accumulated neutrophils are thought to be the source of the increase in collagenase activity, as IL-8 has a strong chemotactic and activating effect on neutrophils. The decrease in neutrophil number on the third day may be due to gradual degeneration of the cells with the release of their collagenolytic enzymes. In the DHEA-S group, however, neutrophil numbers were not increased, even though collagenase activity was increased. Previously, it has also been reported that DHEA-S stimulates collagenase activity in human and rabbit cervical tissues (respectively Sakyo et al, 1986; Yoshida et al, 1993) . This effect may be due to direct stimulation of cervical fibroblasts to produce collagenase. The involvement of other leukocytes such as eosinophils and mast cells may be suspected.
In this study, collagenase activity was not increased 24 h after application of PGE2 compared to the control group. In other studies in humans, no change in collagenase activity was observed after 3-15 h of PGE2 treatment (Uldbjerg et al, 1983c) . Rath et al. (1993) found an increase in collagenase activity 2-4 h after application of PGE 2 . Goshowaki et al. (1988) also reported that exogenous PGE2 stimulated the production of collagenase in rabbit cervical fibroblast cultures. Collagenase enzyme was found to be released readily in tissue culture, but not in vivo. Possibly, the changes in collagenase activity occur rapidly after application of PGE2 and only for a short time. Also, production of matrix metalloproteinase inhibitors may control the activity of collagenase in the tissues.
Antiproteases and elastase inhibitor was also described in the cervical tissue (Goshowaki et al, 1988) .
It was previously reported that elastase enzyme plays an essential role in cervical ripening (Kanayama and Terao, 1991) . Elastase can break down not only elastin and cross-links of collagen but also proteoglycans which has a role in orientating the collagen fibrils in humans (Mainardi et al, 1980) . Thus elastase (and other proteases) may reduce the mechanical strength of collagen fibrils without involving collagen degradation. Elastase can be produced by macrophages, polymorphs and eosinophils. Leukocyte elastase in the human cervix was found to be increased about 10-fold near term (Kleissl et al, 1978) . In our study, elastase activity was increased in all tested cervices. In the PGE 2 group, where collagenase did not increase, elastase may have had a vital role. Other investigators also found an increase in elastase activity seven times higher after application of PGE2 (Rath et al, 1993) .
Gelatinase activity was found to be increased in all tested cervices after the second dose of treatment Gelatinase enzyme is one of the matrix metalloproteinases which has a role in inflammation (Nagase, 1991) . It also has a part to play in degradation of cervical ground matrix during maturation.
In conclusion, increase in water content, decrease of collagen concentration and increase in elastase and gelatinase activities were common biochemical features observed in the ripening of tested rabbit cervices. Cervical ripening can be induced by different triggering factors and possibly different mechanisms. Cytokines play a vital role in cervical ripening. IL-8 is one of the factors which could ripen the cervix in a manner similar to the physiological process at term.
